Optical brighteners have been incorporated in bacteriological media to stain the cells and provide fluorescent colonies (7) . The mechanism of staining is thought to be that of adsorption of the compounds to bacterial proteins (8) . Fluorescent compounds whose quantum efficiency is highly dependent on the environment have been used to study conformation of proteins and membranes (6) . Salts of such a compound, 8- anilino-1-naphthalene sulfonic acid (ANS), were found effective as agar medium additives to facilitate detection of bacterial colonies (W.S. Ramsey, C.A. Lepp 
MATERLALS AND METHODS
Media. ANS may be added to commonly used bacteriological agars at 0.08 to 0.5 mg/ml. In general, the higher ANS concentrations quench the natural fluorescence of the media and therefore allow the colonies to appear more fluorescent. ANS-containing media were sterilized in an autoclave. Media were sometimes supplemented by the aseptic addition of filter-or heat-sterilized 10% solutions of appropriate substrates in water to final substrate concentrations of 1%. All media were poured into 100-mm petri plates and allowed to harden before use.
Inoculation and incubation. Agar plates were inoculated by streaking with a loop, by spotting, or by swabbing suspensions of bacteria containing i08 cells per nil. Plates were incubated overnight at 30 or 37°C.
Fluorescence. Plates with colonies were examined by iumination with long-wavelength ultraviolet light from a bench top (Multi-Ray Lamp, Fisher Scientific Co., Rochester, N.Y.) or hand-held lamp (Mineral Light, Fisher Scientific Co.). Colonies which were nonfluorescent or had occasional areas of low-intensity fluorescence were scored as low-intensity fluorescence, and those with highly fluorescent edges or high fluorescence throughout the colonies were scored as highintensity fluorescence.
The fluorescence of cells suspended in water or ANS solutions was measured by using an American Instruments spectrophotofluorometer with the detector at an angle of 900 to the beam of stimulating light. The fluorescence of individual cells was determined by examination of smears with a Zeiss fluorescence microscope equipped with a UG5 exciter filter.
RESULTS
Colony appearance. Escherichia coli and Staphylococcus aureus colonies were grown on ANS-nutrient agar and illuminated with longwavelength ultraviolet light. E. coli colonies were more brightly fluorescent than S. aureus colonies. Normal growth occurred in the presence and absence of ANS. Ultraviolet microscopic examination of cells from fluorescent colonies showed that individual cells were fluorescent, and the fluorescence could not be removed by washing with water. Experiments in which levels of ANS were varied from 0.08 to 0.5 mg/ ml indicated that the best relative colony fluorescence occurred at 0.5 mg/ml. This was due to quenching of the natural fluorescence of the amino acid-containing media by the high concentration of ANS. ANS concentrations over 0.5 mg/ml inhibited colony growth.
Gram-positive and -negative bacteria. Careful examination of E. coli and S. aureus colonies on nutrient agar containing 0.08 mg of ANS per ml suggested differences in the fluorescence emitted by each species. To test this possibility, cells grown on plates of nutrient agar in the presence or absence of ANS were suspended in water or ANS solution, and the suspensions were adjusted to an optical density of 1.00 at 590 nm. These suspensions were examined in the spectrophotofluorometer with stimulating light at 350, 370, 390, or 410 nm. Maximum fluorescence occurred with stimulation at 390 nm. Ta Highly fluorescent colonies are in most instances produced on media containing substrates known to be metabolized by the bacteria (4) . In certain instances, however, this relationship did not hold, and examples of these anomalies are listed in Table 3 . They include the growth of highly fluorescent colonies on agar containing substances not metabolized in broth and the growth of low-fluorescence colonies on agar containing substances known to be metabolized in broth.
DISCUSSION
Although individual cells from colonies grown on ANS media were fluorescent when examined with an ultraviolet microscope, it was not possible to resolve the fluorescent structure(s). Capsules, cell walls, cell membranes, and cell contents may be expected to fluoresce if exposed to ANS. In view of the observed differences in fluorescence between colonies of gram-positive and gram-negative bacteria and the well-established differences in wall composition between these groups, it seems reasonable to consider the cell wall as primary candidate for fluorescent structure. In general, gram-positive cell walls are relatively thick (20.0 nm), structureless, and high in amino-sugar content (10 to 30%); contain only three to four major amino acids; and have low lipid content (0 to 2%). Gram-negative cell walls are thinner (10.0 to 15.0 nm), have structures visible by electron microscopy, are low in amino sugars (1 to 10%), contain 14 to 18 amino acids, and have high lipid content (10 to 20%). The bacterial types can also be differentiated by the nature of the principle cell wall polymers. Peptidoglycan, polysaccharides, teichoic acid, teichuronic acids, and proteins are the polymers commonly found in gram-positive walls. The principal polymers in gram-negative cell walls, on the other hand, are peptidoglycan, 0-antigen complex, and lipoprotein (3) . It would be consistent with the known properties of ANS to expect gram-negative cells to be more fluorogenic than gram-positive cells when grown on ANS media because of the more hydrophobic environment presented by the gram-negative cell walls. The differences in composition between gram-negative and -positive cell walls also might account for the observed differences in wavelengths of emitted light.
The finding that colony fluorescence responded in a species-specific way to the incorporation of various substrates was unexpected. The most obvious explanation is that the bacteria synthesize increased amounts of extracellular material such as capsules or (2) found virtually no effect of pH from 5 to 8 on the ANS bovine serum albumin fluorescence efficiency and maximum variation of 25% in the range of pH 2 to 11.
The number of species which may be differentiated by perfectly efficient tests is as follows: number of species = 2", if n = number of tests.
Thus, four perfectly efficient tests are sufficient to distinguish between 12 species. In this work, nine tests were required to differentiate between 12 species. No effort was made to optimize the tests, however, and since the species tested were chosen deliberately to include closely related pairs, it seems likely that virtually any two species could be differentiated by using this method. This method has the advantage of using a single indicator, the growth of highly fluorescent colonies on ANS agar, to signal the response of bacteria to a wide variety of substrates. In addition, the fluorescent method appears amenable to machine analysis.
